Energy efficiency strategies for ecological greenhouses: experiences from Murcia (Spain) by Becerril Hernández, Hilario & Rios Carmenado, Ignacio de los
energies
Article
Energy Efficiency Strategies for Ecological
Greenhouses: Experiences from Murcia (Spain)
Hilario Becerril 1,* and Ignacio de los Rios 2
1 Area de Ciencias Sociales. Colegio de Postgraduados, Campus Tabasco, México. Periferico Carlos A.
Molina S/N, Cardenas 86500, Tabasco, Mexico
2 Agroforestry Engineering Department, School of Agricultural, Food and Biosystems Engineering,
Universidad Politécnica de Madrid. Av. Puerta de Hierro No. 2 CP, Madrid 28040, Spain;
ignacio.delosrios@upm.es
* Correspondence: hbecerri@colpos.mx; Tel.: +52-937-3722386
Academic Editor: Istudor Nicolae
Received: 2 August 2016; Accepted: 18 October 2016; Published: 25 October 2016
Abstract: There has been a continuous growth in ecological agriculture (EA) in recent years. It is
recognized as a production system with rational energy use and low demand for fossil fuels. There are
many studies relating to this subject, in contrast to the few studies regarding the use of energy and its
impact on the environment in ecological greenhouses. This article analyzes the strategies adopted by
a Transformational Agricultural Society (Sociedad Agraria de Transformación) in order to improve
energy efficiency in ecological greenhouses, with regards to the use of fossil fuels. The methodology
is based on the Working With People (WWP) Model, which involves social learning processes over
30 years in one of the largest regions of ecological crops in Spain. The results show that the measures
taken to manage the greenhouses have achieved a decrease of over 80% in terms of fossil fuel
consumption. The experience demonstrates that EA, as opposed to conventional agriculture (CA), is
a system with great potential when it comes to reducing energy consumption and environmental
improvements through various strategies.
Keywords: Transformational Agricultural Society; ecological agriculture (EA); conventional
agriculture (CA); greenhouses; fossil fuels; renewable energy
1. Introduction
In the overall European context of setting the economy on a sustainable growth path, businesses
and rural communities must adapt their systems to find alternatives to our fossil-based economies.
This can be achieved by unlocking the potentials of the bio-resources available in the different bio
economy and blue-economy sectors, in a sustainable way that is accepted by the citizens. At the
same time, Europe must continue to address resource efficiency in light of the increasing pressure
on global food systems to meet demand from population and income growth. Society has to turn
these challenges into real actions, bringing together the nexus among the primary sector, nutrition and
health, and the nexus among food, water and energy [1]. Many of the challenges are of a global nature,
requiring global solutions, working with people in cooperation with different partners. Innovative
approaches to knowledge exchange such as those foreseen in the European Innovation Partnership
“Agricultural Productivity and Sustainability” are of utmost importance to foster the implementation
of solutions.
The Political Guidelines for the next European Commission for the 2016–2017 [2] programming
period focus on resilient value chains for food and bio-based products, better managing possible future
shortages in food and energy, fostering rural innovation with broad societal engagement. In addition,
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cross-cutting issues such as soil management and energy use efficiency will be taken into account in
the EU policies.
Various studies highlight the energy problem within food systems. Firstly, energy is a basic
consumable which is used more and more [3] in the production, processing and manufacture of food,
with a heavy dependency on fossil fuels [4]. The use of these fuels in modern food production systems
continues to increase at an international level [5] leading to a growing number of environmental and
social impacts [6]. These production systems rely heavily on fossil fuels, contributing to an annual
increase in greenhouse gases (GHG) [7] and the increased use of non-renewable energy [8]. As stated by
Fischer et al. [9], energy usage increases with the intensification of agriculture, caused by anthropogenic
pressures and the increasing demand for food [10]. Studies carried out by the European Union show
that the energy consumed in agricultural production increased between 1989 and 2009, reflecting a lack
of efficiency in terms of energy usage [11]. In addition, international policies highlight the use of energy
in food systems as a food security problem [12]. Despite this, the efforts of those organizations which
are responsible for meeting food demand at a global level [13] have been accompanied by an increase
in the production of basic products, primarily in terms of medium scale agricultural exploitation.
According to the Food and Agriculture Organization of the United Nations (FAO) [14], it is estimated
that 80% of this increase in agricultural production will be as a result of intensified production systems.
In addition, new agricultural technologies have emerged which combine increased production with
improved environmental protection.
Food production systems and the limitations of energy resources represent a complex dichotomy:
ecological agriculture (EA) seems to be an option, with continuous growth at an international level [15]
offering different consumables to those used in conventional agriculture (CA). Some studies show
an increase in energy efficiency within ecological production [16] as a result of using consumables with
low non-renewable energy consumption, in response to the restrictions and increases in prices of basic
fuels [17]. On the other hand, other studies show significant differences with regards to the efficient
use of energy between ecological production and CA [18]. Sustainable agriculture uses energy from
fossil fuels in a more efficient way than agricultural production systems; greater energy efficiency in
crop rotation under organic management was attributed to the fact that the forage component was less
sensitive to chemical input removal than grain crops [19]. Different studies consider that energy use
can be reduced by up to 50% in organic crops compared to traditional ones [20,21]. Greater energy
efficiency has been observed with organic crops due to the elimination of chemical inputs and changes
to agricultural tasks [6]. However, the growth of the ecological production system is a result of
market demand for healthy foods, with consumers and producers being aware of the need for a less
contaminated environment, and less use of fossil fuels and more efficient use of energy [22].
Energy efficiency involves a reduction in the quantity of energy required to produce various food
products [23]. In 2006, a study coordinated by Cornell University on the “impacts of organic farming
on the efficiency of energy use in agriculture” [24], showed that organic farming systems significantly
reduce the fossil energy inputs in production and also improve several aspects of agriculture’s
environmental performance compared with conventional farming systems. The findings of this
study were: improved fossil fuel inputs (30% reduction) compared to conventional production, no use
of commercial nitrogen or pesticides in organic systems, less soil erosion, improved water resources and
increased organic material in the organic system (up to 50%), greater acquisition of solar energy, and
less requirement for fossil fuel (up to 50%). Following the review of information from approximately
50 studies, Belloti [25] states that the majority of organic production systems are more energy efficient
than their conventional equivalents. An alternative that has been developed is the application of
conservation or regeneration agriculture methods [25–27]. Certain studies have shown that using
these methods can ensure an efficient use of energy [28], helping to regenerate the soil and increasing
organic material, improving its fertility and crop productivity [29].
Food production requires new low-consumption energy technologies [30]. In order to adopt
these energy innovations, technological changes are required, along with a change of vision amongst
Energies 2016, 9, 866 3 of 23
the receivers to facilitate the implementation of new practices that are more energy efficient [31].
The farmers who have adopted these practices in the most energy efficient way (conservation work,
and reducing fuel use) have a mentality and experience which allows them to tackle challenges and
unforeseen changes in their surroundings [32,33], which contributes to the promotion of innovation and
sustainable development [34,35]. These experiences amongst farmers with a vision for sustainability
apply innovative agricultural practices in order to preserve natural resources, finding synergies
between natural, socioeconomic and energy flow systems [36]. Figure 1 shows the group of farmers’
evolution since the 1970s up to the present day. The experience and learning both within and outside
of their field of work (such as their IPMA project management certification and forming part of
the European “Food for Life” Platform) has enabled them to create strategies to move away from
traditional methods towards innovative activity with a sustainable vision. The farmers’ industry
experience over the last 30 years has led to energy savings and a more efficient use of the natural
resources available to them in their production activity [37].
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The reason behind farmers’ tendency towards more sustainable production models, with regards
to energy consumption, is the impact it has on the profitability of farming activity [39]. Innovation in
conservation agriculture practices facilitates an efficient use of fuels, in the face of reduced availability
of “cheap” fossil fuels [40] (increase in the price of fuels). Some studies show the importance of
farmers understanding the comprehensive use of fossil fuels [41] in production systems, due to the
fact that each type of crop creates different energy needs [42]. This local, proven experience [43]
amongst farmers with regards to the use of fossil fuels makes innovations and strategies for reducing
energy resources in different agricultural scenarios more feasible [20]. The use of farming machinery is
indispensable in agricultural work. However, it is possible to reduce its use and reduce the cost of
fossil fuels [20,40]. In certain studies, it is evident that organic producers are shown to make more
efficient use of energy by applying sustainable production methods [44], with production relying
on finite energy consumables. In these ecological systems, the use of fossil fuels is substituted by
a greater use of human energy, resulting in a greater diversity of tasks [23]. Conversion to organic
farming systems will reduce farmers’ dependence on energy; and Organic farming can increase the
efficiency of energy use per unit of production [24]. This change is accepted by many farmers requiring
greater specialization (Figure 2).As stated by Wood et al. [26], the practice of EA reduces the use of
energy involved in the production of food, stimulating the metabolism of the soil, water and wind
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system (the elimination of chemical products, incorporation of crop remains and livestock activity
within the soil, increases organic matter, reduces soil, water contamination and reduces greenhouse gas
emissions). As well as reducing energy usage, EA also improves the soil’s fertility, which contributes to
an improvement in the surrounding environment [45]. The integration of organized groups facilitates
social learning for innovation based on various strategies for the sustainability and implementation of
conservation tasks in EA [43,46–50]. These social learning processes have led to a change in mentality
amongst farmers with a sustainability vision [46,51,52], favoring feedback and creating knowledge
amongst the organized groups’ participants.
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Figure 2. Complementary use of heating system and specialization of farmers.
In Spain, in the Murcia region, social learning processes amongst ecological farmers with
greenhouses are of particular note [46,48,53]. This ecological production in greenhouses is also
regulated by various rules at an international level [54–56], although there is not enough information
regarding the environmental impacts and the efficient use of energy [57,58].
It is well known that fruit and vegetable production in greenhouses is one of the systems that
consumes the most energy in the agricultural sector, with production increasing based on energy
inputs [58]. The basic point of the greenhouse is to understand the quantity of energy that is required
in order to meet the caloric needs of each of the crops. The high costs and availability of energy [59],
restrict the use of heating [60], making it more important for farmers to make efficient use of energy
in the greenhouses. It is because of this that the comprehensive operation of this production system
requires skilled personnel [61] in order to make efficient use of the consumables used. The training of
greenhouse operatives is fundamental, especially with regards to their knowledge on crops’ energy
requirements and managing ecological greenhouses. In addition, Sun [62] mentions that the adequate
design of the greenhouse (the material used, type of netting, color and thickness), the lighting, water
circulation systems, solar energy storage and use as geothermal energy all influence energy efficiency
and can make the system more profitable. The management of lighting is another key factor for
making efficient use of energy in greenhouses, with light emitting diode (LED) technology enabling
a significant reduction in energy [63].
Some greenhouse farmers have been able to increase the profitability of the system as a result
of more efficient energy usage [64]. This increased profitability from greenhouses has not only been
achieved through the use of fossil fuels, but also through other renewable energies, such as solar
energy from mobile panels (Figure 3) [65].
This type of system, the option of using renewable energy enables a reduction in the use of fossil
fuels and improves farmers’ incomes [65]. Other strategic decisions for transitioning from conventional
systems [66] to innovative systems have focused on the use of farming and forestry waste as sources of
bioenergy [67,68].
Based on a vision of modernizing agriculture for sustainability, this article analyzes the dynamics
of an Agricultural Society through a social learning process of 25 years of experience with EA and the
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efficient use of energy and finite resources [1]. The importance of the study is to show how organic
farming can reduce and rationalize the use of fossil fuels in the ecological system. The article focuses
on the use of fossil fuels in the operation of ecological greenhouses in the Region of Murcia, Spain.
The analysis is carried out through several dimensions, political-contextual, technical-entrepreneurial
and ethical-social, which impact the sustainable management of these non-renewable resources [47,49].
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The article is structured as follows: Section 2 describes the methodology used for carrying out
the work as part of the European Rethink Project. Section 3 presents the results and a discussion of
these, demonstrating the strategies implemented by an organic cooperative with more than 30 years of
experience in Spain. The results are divided into three subsections based on the WWP methodology
used. Finally, Section 4 presents a conclusion, limitations and some recommendations.
2. Methodological and Conceptual Framework for the Analysis
2.1. RETHINK Organic Production in Spain: Cooperate to Innovate
One Organic Cooperative in Spain was selected as a success story highlighted by the FP7 research
(RETHINK project) in the European Commission’s 7th Framework Programme [69]. In this research
project, alternative trajectories of agricultural modernization and rural resilience are explored based
on case studies in 14 countries [70]. The key research question asked is how actors are connecting
economic, social and environmental systems in different strategies for modernizing and improving
prosperity and energy efficiency. RETHINK is a transdisciplinary research, under the “multi-actor
approach” concept, which is necessary to engage farmers in highlighting innovative and successful
connections between farms and other stakeholders.
The conceptual and analytical frameworks applied in the case studies and analysis build
on the results obtained in a large number of EU-funded research projects which emphasized the
multifunctionality of rural areas [71,72], biological diversity [73], rural economy [72,74], social capital
and innovation processes in rural development [49,75].
The Organic Cooperative in Spain, RETHINK case study, focuses on analyzing the evolution of
a social learning process amongst farmers with over 40 years’ experience in the agricultural sector
(production, transformation and commercialization of fruit and vegetable organic and biodynamic
crops, both open-air and in greenhouses) and taking advantage of the region’s ideal climatic conditions.
The current mission of this Organic Cooperative (Camposeven) is “promoting the health of people
developing organic product lines through the use of sustainable techniques” [38].
This Organic Cooperative has the following characteristics. (1) It has vast experience accumulated
over many years. (2) It promotes social learning processes amongst organic producers, companies,
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research bodies and local and regional governments; it also encourages a favorable environment
where farming partners make decisions together and benefit from different ways of learning (training,
informal meetings, experiments on their own farms). (3) It is considered as a successful case study
for the transformation of ecological products with an associative nature and socioeconomic purpose.
(4) It has an innovative energy efficiency strategy which has won several prizes (including the 2007
Thanit Prize for Development and Technological Innovation). (5) By stimulating the farmers involved
to exchange knowledge, and by upholding strong partnerships with universities and research groups,
knowledge can be created, shared, and used efficiently. The idea behind this approach is that it
strengthens the ability of small farmers to adapt to challenges and opportunities through networking
and joint learning [69]. (6) It has a highly energy efficient greenhouse production system, which has
enabled a reduction in the use of fossil fuels (over 80% in the last 10 years).
The Camposeven Organic Cooperative is situated in one of the regions of Spain with the
largest proportion of EA, in the Community of Campo de Cartagena; it covers 1163 km2 and has
a total population of 358,927 inhabitants. In this area, the food industry has a long agricultural
tradition. However, in the Mediterranean region, this sector represents a profound environmental,
social and economic problem due to the existing conditions, which are restrictive for agriculture,
such as a dry climate with a serious lack of water. Using just 3% of Spain’s water resources and
channeling investment towards an improved water supply system and treatment has enabled the
region to evolve and exceed the Spanish average. However, the strong presence of tourism in the area
puts significant pressure on natural resources and land prices, affecting farming’s ability to survive.
Murcia’s economic dynamics are largely driven by the farming sector, the food industry is one of
the key development forces and one of the main pillars which contributes the most to GDP and
regional equilibrium. Murcia is the Autonomous Community with the largest area dedicated to EA
in Spain [45] with an area of 58,820 hectares (10% of the regional agricultural area and 3.7% of the
national agricultural area). According to the latest official figures from 2015, the area being studied
covers 95% (205.68 has) of the 216 hectares of ecologically certified greenhouses in Spain. The study
has obtained direct information from over 30% (65.00 hectares) of ecologically certified greenhouses
in Spain [76]. This information, which has been obtained from 30% of existing greenhouses, can be
considered statistically [77] representative of the entire Murcia Region due to the similar environmental
conditions and systems used in ecological greenhouses [38,53].
Due to its physiographic characteristics (Figure 4), the region of Murcia faces a critical dilemma
with regards to creating agricultural food products, with its problems with the lack of water to maintain
productivity and energy use prompting it to make efficient use of the natural resources it has available.
The objective of the region’s producers is both to make the most of the limited water as well as fuels
in order to generate enough energy to distribute sufficient water resources. As a result, they have
opted to modernize the irrigation lands by moving towards automated irrigation systems in improved
production structures with land consolidation processes.
The direct consequences for the farmer are improvements in working conditions, more time
available, and improved financial results. The correct design and subsequent use of the installations
provides a water release with environmental aims, and in particular contributes to a reduction in the
over-exploitation of aquifers due to water savings and energy savings as a result of not requiring as
much pumps.
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2.2. Materials and Methods
In order to collect information and systemize the analysis, a common methodological framework
was designed by a panel of experts made up of 38 researchers from 14 countries in the EU, within the
European Rethink project [1]. This common methodological framework was based on an analysis of
the strategies for managing finite resources through the WWP model [49]. This proposal goes beyond
the traditional technical-economic vision and aims to analyze the behaviors of the parties involved and
the contexts in which they operate. The WWP methodological framework incorporates social learning
processes for analyzing and building strategies for rural prosperity and sustainable management based
on three dimensions, as shown in Figure 5 [46].
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The ethical-social d mension con iders the strategies dopted with regards to improving
knowledge, behavior, attitudes and values amongst the people involved throughout the production,
transformation and commercialization processes. The technic l-entrepr neurial dimension includes
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the strategies that have been adopted to create ecological products, based on quality standards,
with energy and resource efficient technology and processes. The political-contextual dimension
enables organizations to adapt their strategies and projects to the contexts in which they operate, in
order to achieve success from sustainable and efficient management. Lastly, social learning is the
unifying dimension [78] linking the discoveries from the three dimensions that influence the Organic
Cooperative’s management.
Based on this common methodological framework, the results of the study incorporate various
tools and sources of information. On the one hand, a summary and review of various secondary
sources (scientific literature and historic information from the Organic Cooperative) regarding the
previous concepts and projects carried out by the cooperative.
On the other hand, as the main source of information, the research incorporates empirical
information obtained through a social learning process with key stakeholders: the timescale covers
a learning process of 30 years of experience and knowledge in the ecological greenhouses sector in the
region with the most acreage dedicated to organic farming in Spain.
The Figure 1 shows the major milestones that have influenced changes and adaptations of the
Camposeven Organic Cooperative. This temporary bonding process between farmers and the interplay
between external producers and agents, has involved a social learning process for joint planning and
development of common strategies among the private sector, civil society institutions and R + D + i [49].
In order to collect and systemize the proven expert knowledge, two complementary participative
processes were used: (1) direct interviews with parties involved in the Organic Cooperative’s activity;
and (2) Workshop-Focus Group (Agri-Food Platform). The scope of these participatory processes, over
the years, is summarized in the following sections: (a) for the in-depth direct interviews, a questionnaire
was designed based on the European Rethink project’s methodological framework. The questionnaires
included four sections with questions linked to the different dimensions of sustainable management
and rural prosperity: the first section was aimed at understanding the vision of those interviewed
with regards to sustainable management and rural prosperity; a second block with questions about the
strategies adopted in relation to the ethical-social dimension; a third block regarding the strategies
linked to the technical-entrepreneurial dimension, with questions about production, transformation
and use of resources, as well as energy management; and, a final section, regarding the strategies
linked to the political-contextual dimension, with questions aimed at analyzing the relationship
between the agricultural organization and its environmental, socioeconomic and political context.
The fieldwork was carried out between March and December 2015 by the project’s research team.
A total of 42 in-depth interviews took place, representing 100% of the key actors involved in the organic
cooperative’s activity: farmers, suppliers and collaborating companies, public-administrative sector of
governments and business associations. The people selected for this process cover a learning process
of over 30 years of knowledge demonstrated in the EA sector. (b) Workshop Focus Group: Another
tool used to obtain empirical information and integrate knowledge and learning was the “Agri-Food
Platform”; it is a tool for social learning and innovation network for developing innovative patterns of
production by generating new knowledge. Since it was established in 2009, the “Agri-Food Platform”,
which was co-founded by the Camposeven Organic Cooperative along with the FGUPM and the
Technical University of Madrid, a meeting point is formed for the “WWP” model bases. During this
time, numerous workshops and Focus Groups between companies, universities and technology centers
related to the food industry have been carried out. In May 2011, the Agri-Food Platform was integrated
into the European Food for Life Platform, within which a new working group was created, the director
of the Organic Cooperative is the president of this new working group. Each group explores innovative
solutions to problems and opportunities, based on the experience gained in projects linked to the
different dimensions of sustainable management and rural prosperity. Each Focus Group meets
different key stakeholders (15–20 experts), including farmers, advisers, researchers and agri-business
representatives, to collect and summarize knowledge on best practices and strategies to improve
energy efficiency in ecological greenhouses.
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A seminar-workshop took place with executives and senior workers from different departments in
the Organic Cooperative. The sessions took place over four working days in their own facilities based on
the WWP technique, applied to various sustainable development projects in rural organizations [38,49,79].
The workshops reflect on these dimensions of the strategies analyzed in the interviews and provide
a deeper understanding of other aspects linked to the organization for efficient management and
ecological production.
This participatory process analyzes the producers’ experience and represents 415 hectares of
EA production, of which 65 hectares are ecological greenhouses. The information obtained from the
greenhouses covered the production cycles from 2002 to 2014. The information between 2002 and 2007
is based on CA. EA starts from 2007 with the integration of the ecological cooperative. Information
was gathered regarding the greenhouses’ type of production system, type of fuels used, the way in
which they received the fuel, the use of fuel in tons of oil equivalent (toe) by period, and energy used
by period (MWh). In order to study these, international Fuel and Natural Gas energy equivalents
were considered.
3. Results and Discussion
In this section, the different strategies adopted by the Organic Cooperative are analyzed. These are
aimed at improving energy efficiency in ecological greenhouses and achieving success in terms of
sustainable management. The results are presented in a logical way, based on the three dimensions of
the WWP model (technical-entrepreneurial, political-contextual and ethical-social) and according to
the scores from the parties involved.
3.1. Ethical-Social Strategies
Table 1 shows the scores given to different strategies adopted within the ethical-social dimension,
to promote sustainable success and energy efficiency.
Table 1. Ethical-social dimension strategies [38].
Strategy Adopted Scores from theParties Involved (1–4)
Current
Aplication (%)
Creating a new innovation company based on trust and business ethics 3.6 100
Transforming the work process and changing mentality amongst members 3.5 100
Training personnel in sustainable management and ecological production 3.4 100
Promoting involvement, collaboration and cooperation 3.2 100
3.1.1. Creating a New Innovation Company Based on Trust and Business Ethics
This is the highest scoring strategy in this dimension. It was implemented following the
incorporation of the Organic Cooperative in 2007. It is a business set up by seven producers with
more than 30 years of agricultural experience, in keeping with common interests. From its beginnings,
Camposeven has been established on principles of trust and mutual support. The group’s activities
are guided by values that are shared by its members. The creation of the society was a result of
a separation from another company with a different vision. The Organic Cooperative’s vision is to
evolve production processes and create trust amongst members. Trust is the indicator that the members
consider to be the most important value. A farmer and member states: “From my experience across all
these years, I’ve learned that it is very important to have trust and specialize in something, it is fundamental to
have a good team of people, teamwork and personnel”.
The organic farmers also consider that, in order to improve efficiency, it is necessary to be
open-minded towards changes and differentiate themselves [80] from other companies with the same
production activity.
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3.1.2. Transformation of the Work Process and Change in Mentality amongst Members
Included in the new company’s strategy is a change in work processes and a change in mentality,
in order to completely transform their fieldwork and that of the farming industry in general. This also
refers to the processes of creating awareness amongst farmers as well as other external actors in the
“Food and Agriculture Platform”, reinforcing the arguments on the need to create healthy products for
people in order to achieve differentiation and to be widely accepted by consumers. This transformation
develops a sense of identity; it makes them different, enabling a transformation process from CA to
EA, with a vision for energy efficiency and profitability. As confirmed by an organic farmer: “The main
differences between Camposeven and other Agricultural Societies is its ways of working: innovation, looking
after people, research” [38].
3.1.3. Training in Relation to Sustainable Management and Ecological Production
This strategy incorporates proven expert knowledge [48,78] and learning in each of the actions.
The focus amongst personnel to homogenize technical knowledge leads to a production process which
makes it stand out from other companies within the industry. Training leads to sustainable practices
and actions. The effectiveness of the ecological production system requires the timely implementation
of agricultural works. This new system’s actions are aimed at maximizing the efficiency of energy
usage by eliminating fossil fuels and making the process profitable [81]. Establishing and maintaining
ongoing processes for training people, as well as improving members’ knowledge are key strategies
for Camposeven. The Organic Cooperative carries out actions to modernize and update training,
enabling the development of specific skills in relation to EA, as a differentiator for sustainable success.
One aspect of the organization’s success is the support for improving training amongst workers
and farmers. The level of training for farmers affects the extent of development of the agricultural
system [82]. As stated by a member of the Organic Cooperative: “From my experience across all these
years, I’ve learned that it is important to specialize in something, it is crucial to have a good team of people,
teamwork and personnel are fundamental”.
3.1.4. Promoting Participation, Collaboration and Cooperation
The strategies are the product of a plan implemented by an agricultural leader who is trusted
by a group of other farmers. According to Suh [83], leadership aimed at creating relationships based
on trust and assurance enables feedback and complementarity across all of the company’s activities
as well as the existence of collaboration. The Organic Cooperative is an example of teamwork,
which values the technical and production values of the goods and services produced, as well as the
people involved [48]. The Cooperative’s organizational structure facilitates decision making amongst
members [38], as a result of their participation. The organization’s management has enabled it to go
through changes which have resulted in decisions thanks to members’ interventions. The strategy for
involvement in management processes enables the existence of relationships between people in the
organization as well as other parties involved, with one supplier commenting that “The relationship
with Camposeven is collaborative, we have a relationship with the members. We work with them every day”.
The Organic Cooperative’s decisions are not made by a single person; there is involvement in decision
making. The current structure [38] shows the dynamic nature of internal involvement in terms of
managing production processes, as well as the appropriate use of natural resources through production
systems involving conservation work and rational use of fossil fuels. Various studies state that this
rational use of fossil fuels can be linked to people’s behavior [30].
3.2. Political-Contextual Dimension Strategies
Table 2 summarizes the strategies adopted within the political-contextual dimension to promote
sustainable success and energy efficiency. Based on the political-contextual dimension, the Organic
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Cooperative incorporates strategies in order to adapt to and connect with the socioeconomic and
environmental dynamics, in particular with the aim of eliminating chemical supplies and fossil fuels.
Table 2. Political-contextual dimension strategies [38].
Strategies Perception AmongstMembers (1–4)
Current
Application
Consideration and analysis of the Organic Cooperative and
exploitation activity’s environmental effects 3.6 High
Creation of commercial alliances in order to access
international markets with demand for ecological products 3.2 High
Creation of R + D + i alliances 3.0 Medium
Self-management 2.6 High
3.2.1. Consideration and Analysis of the Environmental Effects of the Organic Cooperative’s
Activities and Operations
One of the premises that the change in production activity was based on, in parallel to the creation
of the Transformational Agricultural Society, was the direct links between all the company’s farmers
and the new fieldworks. The fieldwork includes conservation work. The ecological certification of
the new production systems, which currently applies to all farmers, is 100% focused on protecting the
environment and regenerating natural resources. These are activities that involve eliminating chemical
supplies and withdrawing (or making more efficient use of) fossil fuels. The result of these actions
is a reduction of more than 80% in the use of fossil fuels in the company’s greenhouses. One farmer
states that: “I’m very happy with the ecological production system, its objective is to produce food which is
healthy for people”.
3.2.2. Creation of Commercial Alliances to Access International Markets with Demand for
Ecological Products
The Organic Cooperative’s objective is to produce ecological food at an international standard,
highly competitive with differentiating factors [80] in the market. Business management led by
the Cooperative’s commercial team has enabled commercial alliances to be created directly with
high profile customers in the EU region. As a result of this strategy, more than 90% of the
Cooperative’s ecological production is in international markets, this being one of the key pillars
of success for the organization and the prosperity of the associated operations. International and
national competitiveness is another of the highly influential factors, in order to be able to compete with
growing international competition. Based on experience, it is considered vital that the cooperative’s
products are able to compete in the international market based on quality and price, and differentiate
themselves through ecological and biodynamic certification.
3.2.3. Creation of R + D + i Alliances
Table 2 shows the organization’s strategies relating to this dimension. The level of perception
amongst members reflects the strengths of its development as an Agricultural Society. An important
indicator is the continuous innovation through R + D + i, which is a differentiator within the food
and agriculture industry. A farmer with more than 40 years of experience in this field expresses his
confidence in the innovation “Camposeven is a leader, it is an exception within the sector, it is an example
which should be followed”. In 2009, the Organic Cooperative integrated with companies in the sector,
creating different organizations (Food and Agriculture Platform with the UPM and companies in the
sector, Food for Life European Platform). The objective of these actions is to have a greater presence in
the food and agriculture market. Its strategic R + D + i links with the UPM’s (Universidad Politécnica de
Madrid) GESPLAN Group created the “Ingenuity Foundation Chair“ project in 2013 with the objective
of creating technological innovations in the efficient use of energy and with the vision of reducing
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fossil fuels, linked to the ever complicated use of the region’s water sources and improving ecological
crop techniques, whilst ensuring their activities contribute day-by-day to a more profitable company
with the vision of making the natural environment a social property for communal enjoyment.
3.2.4. Self-Management
A characteristic of the Organic Cooperative is the aim of self-sufficiency, which is reflected in
its search for energy efficiency and profitability. The cooperative has the perception that agricultural
companies should be based on competitiveness and should not be dependent on the public sector.
Two member farmers mention that “public support make the organized groups less competitive, because
society should be self-sufficient” [38]. There is currently public support from the European Union.
This support represents an average of 4.5% of the incomes from the commercialization of fruit
and vegetable products. The support is applied to activities such as research for innovation in
production systems, environmental improvements amongst others [84]. The ecological cooperative
participates in this program by complying with ecological certification rules [54,56], which have
allowed it to successfully introduce its ecological products in countries within the European Union.
The Cooperative’s objective is to be innovative, improve energy efficiency and make use of natural
resources with a sustainability vision.
3.3. Technical-Entrepreneurial Dimension Strategies
One of Organic Cooperative’s fundamental indicators its ability to transform as an organization,
highlighting its ability to take action and create a new system, when the current situation is not
sustainable [46,85]. Within this dimension, strategies are aimed at improving its business function [78],
through improvements in the sustainable management of natural resources, technological innovation
and the efficient use of energy. The main strategies used (Table 3) from a technical-entrepreneurial point
of view are linked to the activities aimed at the sustainable use of natural resources, optimizing energy
usage, eliminating chemical supplies and differentiating their ecological and biodynamic products in
the market.
Table 3. Technical-entrepreneurial dimension strategies [38].
Strategies Importance (1–4) Application by Farmers (%)
Restructuring towards ecological products 3.9 100
Diversification of products 3.9 100
Technological renewal of operations 3.3 90
Use of fuels and energy reduction 3.3 80
3.3.1. Restructuring towards Ecological and Diversified Products
The technical-entrepreneurial strategies implemented by the farmers are based on more than
30 years of experience and social learning processes. Following the incorporation of the Organic
Cooperative, significant changes were made in the way crops are grown. The report created by the
European Commission [38] details the farmers’ decision to make Camposeven a 100% ecological
agricultural development. The conventional system of producing agricultural food products is
abandoned in favor of 100% of crops becoming properly certified as ecological, whilst carrying
out conservation work [6].
Greenhouses convert their conventional production systems to ecological ones, adjusting their
teams’ operational processes. The amount of energy required to develop each crop is calculated.
Double covers and thermal screens are used in order to lose less heat during the night. The temperature
of the nighttime heating is reduced from 19◦ to 12◦ (making more efficient use of energy). Varieties are
used which are less sensitive to the cold. The idea is to use less and less heating. Biodynamic agriculture
certification does not allow the use of heating [54], unless the nocturnal temperature reaches a level
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that could harm the crops. All the efforts are dedicated to minimizing a loss of heat at night which has
been accumulated throughout the day, with the objective of making efficient use of heat energy.
The consumers of ecological products demand a diverse range of quality organic products.
Several researchers in America state that since 2000, consumers purchase organic products through
conventional channels such as supermarkets, rather than through other means [86]. It is common
for supermarkets to offer a wide range of ecological products. The use of greenhouses is able to
accelerate metabolism and/or protect various crops so that they can take them to the market before
any other producers in the region. The diversity of products out of season is an opportunity to provide
international customers with confidence.
The Organic Cooperative’s range of products has enabled it to establish itself in the market.
Its mixed crop operations mean it can offer this diversity. In order to offer high quality diversified
products, its basic activities (sowing, growing, harvesting, preparation, packaging and marketing) need
to be part of a highly coordinated process [38]. The fundamental activities required to produce a finished
product need to make efficient use of water resources, greenhouses, research and technological
development areas, the implementation of conservation agriculture tasks and regeneration of natural
resources as well as reducing energy and using fossil fuels more efficiently. This results in reduced
costs and a direct increase in profitability [87]. These actions have resulted in an improvement in the
quality of life amongst the members, individuals and groups linked to the company’s operations.
Finally, by differentiating ecological and biodynamic products in the international market, it has
enabled the Organic Cooperative’s products to be widely accepted. Currently, over 90% of its products
are exported, with this market being key to its success.
3.3.2. Technological Renewal, Use of Fuels and Energy Reduction
The strategy of technological renewal in terms of operations is an inherent part of the change from
a conventional production system to an ecological system. Changes were not only made in open-air
crops, but also in greenhouses. The technology used for greenhouse crops is completely different;
it requires more attention, especially in terms of temperature control. Technological renewal involves
changing from a conventional system to an ecological or conservation system. As one farmer and
Organic Cooperative member expresses, “The majority of operations are experiencing a modernization and
renewal process, in this sector adapt or die” [38].
The Company has 65 hectares of greenhouses, with 100% being ecologically certified.
Seventy percent have the ecological seal for biodynamic agriculture or DEMETER certification.
Biodynamic agriculture is characterized by the restricted use of fossil fuels and a significant reduction in
energy use. Point 3.4.5 of this certification states the following:
Production under Glass and Plastics: The energy usage for heating crops under glass or plastic should
be kept as low as possible. Energy saving techniques, such as the use of special heating systems (e.g.,
ground or vegetation heating) must be introduced to the enterprise wherever possible. [54]
EA tasks, which include the addition of the other crops and compost prepared according to
ecological certifications, in greenhouses, show the results of a more efficient use of energy and ongoing
costs reductions, making the system profitable. The data from 2002 to 2014 show the impact of making
more efficient use of natural resources, by giving agricultural tasks a conservationist focus.
Farmers have traditionally tried to ensure the success of greenhouse crops by using heating.
Traditional heating systems are fueled by carbon, wood, organic materials or diesel oil and, since 2005
in the Murcia region, by natural gas. Heating systems demonstrate the inconvenience arising from
a lack of uniformity in terms of radiation and maintaining temperature. These systems are very useful
and economical and they use widely available fuels. Another system that has been very useful for the
Organic Cooperative in 14% of its greenhouse operations is a water vapor heating system (Figure 6)
through 1.5-inch diameter steel tubes (Figure 7).
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Figure 7. Steel plumbing system for distributing water vapor.
The system radiates energy to the structure’s surroundings, with 25% of this energy reaching the
ground. This system has provided positive results, with reduced costs observed during each production
period (Figure 8). B sed on the information obtained from the farmers regarding the greenhouses’ costs
per square meter (Table 4 and Figure 8), the change from a conventional to an ecological agricultural
production system is quantified. A direct decrease in fossil fuels is observed (by 80%) as well as
a decrease in operational costs in ecological greenhouses (2.48 Euros/m2) compared to conventional
ones (3.35 Euros/m2), with an ove all cost reduction of 26%. This cost redu io arising from the
change to an ecological production system impacts the farmers’ financial benefits. Furthermore, the
integral transformation of the ecological cooperative and the decrease in fuels and supplies, enable
a more efficient use of resources, with environmental effects and a direct impact in terms of reducing
greenhouse gas emissions, as well as reduced contamination of soil and aquifers [24].
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Table 4. Average operational costs in greenhouses 2002–2015. Source: fieldwork.
Variable
Costs per Greenhouse (Euros/m2)
Difference %Conventional
Greenhouses
Ecological
Greenhouses
Agricultural tasks 2.00 2.97 0.97 48%
Water 0.05 0.15 0.10 198%
Fuels 3.24 1.43 −1.82 −56%
CO2 1.18 - −1.18 −100%
Production supplies (fertilizers, seeds, etc.) 3.35 2.48 −0.87 −26%
Amortization (farm equipment, pumping
equipment, heating equipment) 0.34 0.29 −0.05 −15%
Administrative expenses 1.23 1.06 −0.17 −14%
Total 11.39 8.37 −3.01 −26%
Table 5 shows additional data on average productivity, demonstrating that ecological greenhouses
are less productive compared with conventional ones, which is in line with other studies [87]. However,
it is shown how the prices obtained for products from ecological greenhouses are higher than those
from conventional ones. These higher sale prices for ecological products, which are linked to reduced
operating costs, create a positive impact on the overall benefits received by ecological farmers.
Table 5. Benefits in greenhouses 2002–2015. Source: fieldwork; * PV/m2 = (Production/m2)(Prices/kg);
** Benefit/m2 = PV/m2 − TC/m2.
VARIABLE
Benefits per Greenhouse (Euros/m2)
Difference %Conventional
Greenhouses
Ecological
Greenhouses
Production/m2 14.32 9.00 5.32 −37%
Prices/kg 1.14 1.70 0.56 49%
* Production Value/m2 16.32 16.65 0.33 2%
Total cost/m2 11.39 8.38 3.01 −26%
** Benefit/m2 4.93 6.92 1.99 40%
A characteristic of the boilers is their versatility in terms of fuel usage. The boilers are adapted for
the use of different fuels, fuel or natural gas. Since 2005, the use of fuel was based on the prices offered
in the production area. The decision to use different fuels between 2005 and 2014 is linked to the more
accessible pricing during the required period.
These greenhouses benefit from modern installations. The heating system is by radiation through
pipes with a dual purpose, they help transport workers for day-to-day work (internal tracks) (Figure 2)
and generate internal heat in the greenhouse (Figure 7).
The farmers’ initiatives are linked to seeking efficiencies and profitability. The design of these
installations enables agricultural tasks to become more efficient. The physical efforts of farmers is
limited to manual work, moving and loading produce is carried out using wheelbarrows which have
been adapted to the rails, making the production activities more efficient (Figure 2).
3.3.3. Use of Fuels and Energy Reduction in Greenhouses
In order to discuss energy efficiency, it is necessary to analyze all of the energy sources in the
system. In this case, only the use of fossil fuels will be analyzed. With regards to efficiency, only the
use of fuels in greenhouses (natural gas and fuel) will be referred to. Table 6 shows the intermittence
and percent of the type of fuel used between 2002 and 2014. The use of natural gas by farmers became
prominent in 2005, a year in which gas pipelines were installed in the region. In the period between
2002 and 2006, the Organic Cooperative was not yet incorporated. The region’s suppliers invoice the
Energies 2016, 9, 866 16 of 23
farmers for fuel by kilogram (kg). The producers use the cheapest fuel available to them when they
need it. The variation in use of fuel from the period 2006/2007 is a result of the difference in price in
each production period. The equipment installed in the greenhouses enables the use of any type of
fuel. Figure 4 shows the amount of fuel in tones used since 2003. By starting to work with EA, farmers
are able to reduce the use of fossil fuels and optimize the amount used.
Table 6. Type of fuel used between 2002 and 2015. Source: Field work.
Fuel/Period 2002/2006 2006/2007 2007/2008 2008/2009 2009/2010 2010/2011 2011/2013 2013/2014
Fuel 100% 5% 25% 100% 50% - 100% -
Natural gas - 95% 75% - 50% 100% - 100%
The different proportion of fuels used (Figure 9) is a decision made by farmers when they purchase
the fuel. The decisions are based on the price differences between fuels. The objective is to use the type
of fuel efficiently and make the system more profitable. This group of farmers can be characterized by
their continuous analysis of income and expenditure. Less fuel is used, or more efficient use of the fuel
is possible, as a result of changing to ecological conservation work.
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Figure 9. Fuels used in greenhouses. Source: Fieldwork.
The information presented in Table 7 includes fuel (fuel and natural gas), converted in order to
calculate the energy used, in toe, an indicator which is defined as 107 kcal (41,868 GJ), the equivalent
energy released by burning one ton of crude oil [8]. The opportunity is taken to differentiate the use
of each of the fuels. The market’s influence on the price of fuel does not allow farmers to use 100%
natural gas (a fuel which has less contamination impact on the environment). Despite this, the Organic
Cooperative farmers make efficient use of each type of fuel and the energy itself. This efficient usage
refers to the strict use of fuel for the crop’s most pressing needs in critically cold periods.
Table 7. Toe by type of fuel. * 1000 kg fuel = 0.96 toe; ** 10 m3 Natural gas = 0.928 toe.
Product 2002–2003
2003–
2004
2 04–
2 05
2005–
2006
2006
2007
20 7–
20 8
20 8–
2009
20 9–
2010
2010–
2011
2011–
2012
2012–
2013
2013–
2014
Fuel * 1213 1193 1483 1259 55 259 573 465 - 141 146 -
Natural gas ** - - - - 243 928 - 556 402 - - 191
Total toe 213 1193 1483 1259 297 1 87 573 1022 402 141 146 191
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The important aspects of Table 7 and Figure 10 are the way in which non-renewable resources
are managed. Ecological conservation works [6,16,45] allow for a more efficient use of fossil fuels.
The focus on efficiency and profitability is effective, resulting in an 84.2% decrease in fuel in 12 years.
The farmers in the Organic Cooperative who have ecological greenhouses are an example of the
opportunity that exists in improving the conventional production system through changes to basic
agricultural tasks focused on conservation.Energies 2016, 9, 866  17 of 22 
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Table 8 is the record of energy used in ecological greenhouses. The 84% decrease in energy has
a positive impact on the environment, improves profitability for investors and improves the quality of
life for the organization and the individuals and groups who are linked to the integrated process of
producing, preparing, packaging, marketing and distributing ecological food.
Table 8. Energy used in h * between 2002 and 2014. * 1 h = 0.086 toe; Source: Field work.
Product 2002–2003
2003–
2004
2004–
2005
2005–
2006
2006–
2007
2007–
2008
2008–
2009
2009–
2010
2010–
2011
2011–
2012
2012–
2013
2013–
2014
Fuel 104 103 127 108 5 22 49 40 0 12 13 0
Natural gas 0 0 0 0 107 80 0 48 35 0 0 16
Total 104 103 127 108 112 102 49 88 35 12 13 16
The results shown in Figure 11 are the Organic Cooperative organization’s objectives: moving
away from CA towards EA; eliminating chemical and oil supplies; reducing fossil fuel usage; making
more efficient use of the energy in greenhouses; making EA in greenhouses profitable; improving the
quality of life for members and workers; and improving the environment as a result of better soil and
water sources.
Greenhouses have been, and continue to be, instrumental in increasing fruit and vegetable
production at a global level. Their high usage of energy from fossil fuels is discussed, as well as their
high greenhouse gas emissions. The results presented here create the possibility of resuming activities
involving the use of EA in protected agriculture, whilst in parallel reducing expenditure by shifting
from CA to EA.
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Figure 11. Energy use in Organic Cooperative greenhouses. Source: Fieldwork
4. Conclusions
The Organic Cooperative is an organization dedicated to the production of ecological fruit and
vegetable crops. Following its change in production activity, from CA to EA, it has created innovative
tools which have enabled it to be efficient in the use of fuels, reduce the use of energy from fossil
fuels and contribute to environmental improvements. Based on a social learning process, across
more than 30 years of experience, there has been a change from a conventional production system to
an ecological one, which has not only impacted farmers’ financial benefits, but presumably also has
positive environmental effects as a result of using less fuel and agricultural supplies.
The factors in the ethical-social dimension have influenced the outcomes of the company’s vast
transformation. The conduct of individuals within the Organic Cooperative means that their skills
and abilities are improved, creating total confidence and teamwork, with ethics and values being
fundamental aspects. The activities within this dimension have led to a complete acceptance of the use
of ecological production systems. This change led to the implementation of new agricultural tasks
(conservation and regeneration of natural resources) and a more rational use of fossil fuels. These are
factors that the European Commission itself outlines as important ethical and social considerations, in
particular in relation to agriculture and related food production [88].
The regional and international strategic vision, influenced by the political-contextual dimension,
enables it to specifically plan its activities and implement the necessary strategies in order to improve
the management of natural resources. Based on this political-contextual dimension, the ecological
cooperative commits to the EU’s objectives for reducing energy consumption [11,37,66], and making
more efficient use of energy by reducing the use of fossil fuels. Their production activities are clearly
linked to the EU’s 20-20-20 strategy: use 20% renewable energy, reduce greenhouse gas emissions by
20% and improve energy efficiency by 20%.
The farmers’ competencies create strategies within the Organic Cooperative’s technical-entrepreneurial
dimension. Technological change leads to modifications in the production systems in 100% of
operations, as well as in all of the greenhouses. By moving towards ecological production, it enables it
to access the main ecological product markets within the European Union. Ecological product export
activity is its main source of income (it currently exports over 90% of its products). The importance
of this change has been the wide acceptance of its ecological products offered, combined with the
profitability from its efficient production process, with the withdrawal and efficient use of fossil fuels
also being an important factor in its success.
Technological innovation creates experience and knowledge in terms of the efficient use of fossil
fuels. Greenhouses are the production strategy that consumes the most energy within the agricultural
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system. Training farmers in new technology is the basis on which they are able to decide how much
and which type of fuel to use in the greenhouses, making use of them in an efficient and profitable
manner. The organic cooperative’s ecological greenhouses create products in greater volumes and
with higher quality. Their products are used strategically as they are harvested out of season and can
be taken to market before competitor products. The changes in the ecological system led to a more
rational and efficient use of fuels. The organic cooperative’s ecological greenhouses have reduced
the use of fossil fuels by more than 80% over 12 years. A clear success of the strategies adopted by
the farmers in the Organic Cooperative is the reduced total operating costs (by 26%) as a result of
transforming the conventional system to an ecological one in greenhouses.
The Organic Cooperative’s experience with regards to the ecological system and the use of
greenhouses creates a new vision in the field of fossil fuel usage. The design used within EA,
implementing crop conservation tasks contributes to the efficient use of energy required in the
greenhouses. The experience of these farmers is a result of social integration. The group’s inclusive
vision is a product of the social learning process and improved confidence in the decisions made.
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